We present recent results from BABAR on rare B meson decays involving leptons: searches of B → lν l , B → K ( * ) νν and a model independent search of B → lν l γ.
Rare B meson decays involving leptons: theoretical framework

Leptonic B decays
In the Standard Model (SM), the purely leptonic decay B + → l + ν l proceeds via quark annihilation into a W + boson.The branching fraction is: In the contest of the SM, purely leptonic decays of the B + meson are the only clean experimental methods of measuring f B , assuming |V ub | from semileptonic B → ulν decays. Moreover they are sensitive to physics beyond the SM due to the possible insertions of New Physics (NP) heavy states in the annihilation process[1] [2] . The radiative leptonic decay B → lν l γ proceeds via quark annihilation into a virtual W + boson after radiating a photon. The presence of the photon removes the helicity suppression, but introduces an additional suppression by a factor of α em . The differential branching fraction versus photon energy E γ involves two form factors, f V and f A :
While the HQET model suggests f A = f V [3] , some models suggest f A = 0[4].
The B → K ( * ) νν decay
The b → sνν process proceeds via one-loop box or electroweak penguin diagrams. The SM predictions give branching fractions of B(B → K * νν) SM = (6.8 +1.0 −1.1 ) × 10 −6 and B(B → Kνν) SM = (4.5 ± 0.7) × 10 −6 [6] . However, many NP scenarios can enhance those values, where several mechanisms contribute to the rate: for example non-standard Z 0 coupling contributions could give an enhancement of up to a factor 10 [5] . The kinematics of the decay is described in terms of s νν = m 2 νν /m 2 B , where m νν is the invariant mass of the neutrino pair. NP effects can strongly affect the shape of the s νν distribution and this is taken into account to obtain a model independent limit.
Experimental techinques and results
Untagged B → e/µν e/µ [7]
The B → lν l has a strong signature given by the mono-energetic charged lepton in the rest B frame, with a momentum p * ≈ m B /2. We select the lepton candidate requiring 2.4GeV /c < p c.m. < 3.2GeV /c and applying loose PID criteria. We combine all the charged particle and the neutral energy deposits in the calorimeter to reconstruct the other B. We use an extended maximum likelihood (ML) to extract signal and background yields, using simultaneously the Fisher output p FIT based on 5 variables and the energy-substituted mass m ES , defined as
The procedure gives 18 ± 18 events with an efficiency of (4.7 ± 0.2)% for the electron channel, and 1.4 ± 17.2 events with an efficiency of (6.1 ± 0.2)% for the muon channel. We see no evidence of signal and we set an upper limit at 90% C.L.:
B → lν l with semileptonic tag[8]
The tagging technique consists in the reconstruction through semileptonic decays of one of the two B produced at the ϒ(4S). Once a B is reconstructed (B TAG ), we search for the signal candidates in the recoil B (B SIG ).
B → τν
The τ particle is reconstructed through its main decays using PID and π 0 reconstruction: τ → eν e ν τ , τ → µν µ ν τ , τ → πν τ , τ → ρν τ ρ → π ± π 0 . We use topological and kinematics variables to suppress background, and we fit the E extra distribution (defined as the sum of all unassigned cluster energy) to extract signal yields. The total number of expected background events is 521 ± 31, and the observed events are 610, with a total efficiency of ε = (10.54 ± 0.41) × 10 −4 . We obtain B(B → τν τ ) = (1.8 ± 0.8 ± 0.1) × 10 −4 . Combining this result with the hadronic tagged analysis [9] ( B(B → τν τ ) = (1.8 ± 0.9 ± 0.4) × 10 −4 ) we have B(B → τν τ ) = (1.8 ± 0.6) × 10 −4 .
B → e/µν e/µ
We select signal requiring p * > 2.52(2.45) for electrons (muons), and fit the E extra shape. We see no evidence of signal in both channels, with 24 ± 11 expected events (ε = (36.9 ± 1.5) × 10 −4 ) and 17 observed events for electron, and 15 ± 10 expected (ε = (27.1 ± 1.2) × 10 −4 ) with 11 observed for the muon channel. We set an upper limit at 90% C.L.:
B → lν l γ with hadronic tag[10]
We reconstruct the tag B in its most abundand charmed hadronic decays. We use a likelihood ratio based on 5 observables to reduce combinatorial background and search for one opposite charged lepton passing PID requirements; the γ signal candidate is the most energetic neutral cluster; the missing momentum must be in the detector acceptance and we apply a π + , ω and η veto. We expect 2.7 ± 0.4 ± 0.4 background events with an efficiency of ε = (7.8 ± 0.1 ± 0.3) × 10 −4 and observe 4 events for the electron channel. We expect 3.4 ± 0.7 ± 0.7 background events with an efficiency of ε = (8.1 ± 0.1 ± 0.3) × 10 −4 and observe 7 events for the muon channel. The upper limit is
3) We select in a more stringent but model dependent way the signal, requiring a cut on the angle between the lepton and the photon, and on the angle between the photon and the neutrino. We assume both the f A = f V and the f A = 0 hypothesis.This reduce the efficiency in both modes and models by 40%. The results are summarized in the following table
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B → K ( * ) νν[11]
We reconstruct the tag B in both semileptonic and hadronic decay modes. We do not exploit the K kinematics in order to be model independent. We reconstruct the K * + through K * + → K + π 0 decays and K * + → K 0 s π + decays, and the K 0 through the K 0 → K + π − decay. We apply a loose selection based on topological observables, and we fit the E extra distribution to extract signal yields in the semileptonic tagged analysis. In the hadronic tagged analysis we fit the distribution of a Neural Network output based on topological variables. The results are summarized in the following 
